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jets. The first one GJ1 is positioned at fixed z ≈ 0 and the second one GJ2 at variable positions (L and P are the same in both jets). The dependence of the XUV energy generated by Xe and Ar gas on the distance between the two jets GJ2 and GJ1 is shown in Figs 2a and 3b, respectively. In both cases, the energy increases by a factor of ≈ 1.7 when the GJ2 is placed at z ≈ ± 5 cm, verified by calculations taking into account the propagation effects in the dual-gas medium [22] ( Fig. 2c) . At this position, the generated XUV energy for Xe and Ar gas was ≈ 230 μJ and ≈ 130 μJ per pulse, respectively. The reduction of the energy around z ≈ 0 is attributed to phasemismatch effects induced due to the increase of the medium pressure and/or medium length, while the oscillations observed at z > + 5 cm and z < -5 cm are due to the Gouy phase shift of the focused IR beam [26] .
Taking into account the measured XUV pulse energy and a focal spot size of ≈ 2 μm have been reached and multiply charged ions (Ar n+ ) with n = 1,2,3 and 4 have been observed (Fig. 3a) . The dependence of the Ar n+ (for n ≥ 2) yield on I XUV is shown in Fig. 3b in log-log scale. In order to gain insight into the measured XUV intensity dependence of the Ar 2+ and Ar 3+ ion yields, we set up rate equations for considering ions up to Ar 4+ . In the rate equations (supplementary material) we account for all energetically allowed processes, which are discussed below. For the two-photon-ionization of Ar we take the cross section equal to 10 -51 cm 4 3+ . Considering an uncertainty of a factor of ≈ 2 (mainly associated with the measurement of the XUV focal spot size) in the estimation of the XUV intensity, the results are in fair agreement. Fig. 3c shows an excitation scheme that includes only the dominant processes.
The numerical calculations have access to and thus further provide significant information about the individual contributing ionization channels. In addition to the rate equations for the total ion yields, we compute the ion yields of each energetically allowed pathway contributing to the formation of Ar 2+ and Ar 3+ . This work constitutes a demonstration that 
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Supplementary Material
On the development of the 20-GWatt XUV source
As mentioned in the main text, the operation principle of the 20-GWatt XUV source is based on the increased number of the XUV emitters and the precise control of phase-matching conditions, which was achieved by means of thin single-gas targets in a dual-pulsed-jet configuration with controllable distance between the jets. In gas-phase harmonics, the amount of the XUV energy exiting the gas medium is an interplay between the microscopic (single atom) and macroscopic (atomic ensemble) response of the medium. On the microscopic level, for a specific driving laser field wavelength (λ L ), the probability of the emission of a single XUV photon depends non-linearly on the driving laser field intensity (I L ) and the atomic properties.
Considering that the probability of the single XUV photon emission is maximized for a fixed I L lying just below the ionization saturation threshold of the atom (which for Xenon and Argon Using one gas jet, for fixed I L the dependence of the harmonic yield on P and L med is shown in the contour plot of Fig. S1 . The red color area corresponds to the area of maximum XUV production and the black-circled area depicts the values of P and L med used in the present work.
The 50% reduction of the XUV emission for "large"-length and "high"-pressure media (green color area in Fig. S1 ) is associated with the XUV absorption effects and IR-XUV phase mismatch induced by the neutral atoms and plasma generation in the medium which confines the coherent harmonic build-up to a short propagation length. This limitation can be overcome applying quasi-phase matching conditions as discussed in the main text.
In the experiment, the optimization of the generated energy in the dual-jet configuration was performed after maximizing the harmonic yield of the single-jet (GJ1). This was achieved by measuring the XUV energy as a function of the driving IR field intensity (I L ), the medium length (L), the gas pressure (P) and the position of the GJ1 relatively to the focus position of the IR beam. The optimum conditions were found when GJ1 was set to be at the focus of the IR beam (z = 0) where the IR was just below the ionization saturation intensity of Xe and Ar atoms, for P  25 mbar and L  1.5 mm (Fig. S2a, b) . These optimal conditions are in fair agreement with the results obtained by the calculations (Fig. S1 ). In the dual gas-jet configuration, the gas-pressure and the medium length were the same for both gas-jets. This was confirmed by measuring the same harmonic yield generated by the individual jets when they were placed at the same position relative to focus of the IR beam. The piezo-based pulsed nozzle of slit shape orifice has dimensions 0.3 mm  2 mm. The pressure and the medium length were estimated taking into account the backing pressure, the conductance of the orifice and its distance on the laser focus which was  1 mm. The values are in agreement with those reported in ref.
[1] where piezo-based pulsed nozzles have been used. The gas-jets were placed on x,y,z translation stages with the movement on the x and y-axes being manually For the studies of the multiple ionization of Ar, the beam transmitted through the Sn filter was then focused by a gold coated spherical mirror (SM XUV positioned at 2 o angle of incidence) of 5 cm focal length into the target area where the Ar-GJ is placed. The reflectivity of the gold mirror (≈ 12%) is constant in the spectral region of 17 eV -23 eV [3] . We note, that in the spectral range from 15 eV to 30 eV, the measured photoelectron distribution does not differ significantly from the spectrum measured by the FFS as in this photon energy range the singlephoton-ionization cross section of Argon is almost constant at ≈ 30 Mb [4] . The deviation (compared to the spectra recorded by the flat-field spectrometer) appearing at photon energies > 30 eV is attributed to the reduction of the single-photon ionization cross-section.
In order to estimate the conversion efficiency ( of the harmonic generation process the energy per harmonic (q) per pulse ( ) was calculated taking into account the transmission of the filter, the reflectivity of the Si plate and the quantum efficiency of PD XUV . For the single-jet configuration, and for the optimum generating conditions, it has been found that the maximum generated XUV energy (integrated over the spectrum) was ≈ 135 μJ and ≈ 75 μJ per pulse for Xe and Ar, respectively. This corresponds to an (q=11, 13, 15) ≈ 30 μJ and ≈ 10 μJ for Xe and Ar gas, respectively, considering that the total energy is shared equally between the plateau harmonics. This results to C (11) ≈ C (13) 
On the numerical calculations for obtaining the multiple charge Argon ion yield
In the numerical calculations in obtaining the ion yields and the contribution of different pathways to the final ions, we use a Gaussian laser pulse of FWHM equal to τ XUV = 10 fs.
Moreover, we perform a volume average for our results for the ion yields. We do so as follows.
First, for a certain peak intensity we used the following equation [7] to determine the intensity, I XUV , at each point (r, z) in cylindrical coordinates:
where r is the radius and z is the beam propagation axis. w(z) is the beam radius, defined in terms of the beam waist, w 0 = 1 μm, and the Rayleigh length, z R = 51.5μm as, (2) We calculated the ion yield in a volume with limits r max = 3 mm in the radial direction and z min = -3 mm to z max = 3 mm in the z direction. These ion yields were then integrated using the following expression [8] : (3) where P i is the yield of the ion i integrated over the volume, N i is the yield of ion i. We have checked that our results for P i converge. The yields for the main pathways leading to the formation of Ar 2+ and Ar 3+ are not volume integrated. In our computations the 3 photon transition is energetically allowed when the photon energy is equal to or above 22 eV. We find that our results do not change when the photon energy changes from 22 eV to 23.3 which is the maximum energy considered in the experiment. However, if we reduce the photon energy below 22 eV then the 1P3P process is not energetically allowed and the slope we obtain for the Ar 3+ ion yield is closer to 4. We note that in our computations all energies are obtained with MOLPRO (a quantum chemistry package) using Hartree-Fock with a 6-311G basis. We have used the same basis for previous FEL processes in Ar [9] .
